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Riassunto: In questo lavoro vengono presentati i risultati dello
studio bìostratigralico ad alta rìsoluzione dei foraminiferi planctonìcì e
nannofossili calcarei di due sezioni di età Miocene Medio affioranti a
S. Nicola, un'isola dell'Arcìpelago delle Tremiti (Puglia). I sedimenti
studiati fanno parte della Formazìone del Cretaccio, un'unità ricca in
plancton calcareo che presenta un'evidente ciciicità sedimentaria. Nelia
successione, infatti, strati di colore biancastro (maggior contenuto in
CaC03) si alternano con altri di colore grigio o rossastro (minor con-
tenuto in CaCO3). Le due sezioni, stratigrafìcamente soyrapposte,
costituiscono una successione di spessore complessivo di 38 m. I cam-
pioni sono stati raccolti ad intervalli medi di circa 10-15 cm e per
ognuno di essi e stata eseguita l'analisi quantitativa del plancton cai-
careo rappresentata in cun-e di frequenza. Le varìazioni dì abbondanza
dei taxa sono state di grande utìlìtà nelle correlazioni e la calibrazione
astronomica dei cicli, riconosciuti nelle due sezìoni, ha permesso la
datazione astrocronologica di tutti i bioeventi in esse contenuti. La
successione studiata, di età Serravalliana, abbraccia l'inten'allo da 12.6a
Ma a 11.12 Ma. Fra gli eventi piir signifìcarìvì si rìcordano per i
foraminiferi la prima presenza comune (12.3a Ma) e la scomparsa
(12.14 Ma) dr Paragloborotalia mayerì, la scomparsa dr P partimlabiata
(11.8 NIa), la comparsa dei Neogloboquadrinidi (11.8 Ma), I'ultima
presenza comune di Globigerinoides subquadratus (1.1.54 Ma) e la
scomBarsa dr P siakensis (1 1.21 Ma); per i nannofossili calcarei l'ultìma
presenza comune di Calcìdiscus premacintyrei (12.51 Ma), la comparsa
(12.57 Ma) e la prima presenza comune (12.3a Ma) d,r C. macíntyrei,Ia
prima presenza comune di Discoaster kugleri (11.9A Ma), l'ultima pre-
senza comune di D. bugleri (11.60 Ma) e I'ultima presenza comune di
Calcidtscus miopelagicus (1 1.1 8 Ma).
Abstract. The planktonic foraminifer and calcareous nannofos-
sil content of two Middle Miocene sections of the Tremiti Islands
(Southern Adriatic Sea) have been studied. The two sections are com-
posed of marly limestones rìch in càlcareous plankton whìch show
cyclic alternations of indurated (higher carbonate content) whitish
and less indurated grey or reddish beds. The t$/o sections represent a
succession with a total thickness of 38 m. Samples have been collected
at a mean spacing of 10-15 cm; qualitative analyses were performed on
one sample per meter but quantitative analyses were made for each
sample. The abundance fluctuations of several marker species proved
to be a very useful tool to correlate the two sections. The astronomi-
cal calibration of the sedimentary cycles provided absolute ages for all
the recognised calcareous plankton bioevents.
Introduction
More than ten years ago, some of the writers stu-
died the Neogene sediments of the Tremiti Islands. Up
to now some results have been published by Bossio et al.
(1992), Foresi et al. (1998) and Iaccarino et al. (2001)
and a detailed paper focused on the îaxonomy and strati-
graphical distribution of calcareous plankton has been
recently submitted (Foresi et al. in press). During the
fieldszork of the last decade the rhythmic alternation of
whitish, grey or rarely reddish beds has been observed,
but its meaning s/as not investigated.
During the last decade cyclostratigraphy and
astrochronological calibration became nes. methodolog-
ical approaches for the construction of high resolution
timescales. In fact, the astronomical timescale (ATS) for
the Plio-Pleistocene (Hilgen 1.997 a, b) has been incor-
porated in the geological timescale (Berggren et al.
1995). More recently further progress has been made in
extending this timescale to the Late Miocene Epoch
(Hilgen et al. 1995, 2000; Shackleton & Crowhurst
1ee7).
In the lighr of these new findings, the lithological
cyclicity of the Miocene succession outcropping in the
Tremiti Islands has been studied. The astronomical tun-
ing of the lithological record has been performed by
Lirer et al. (2002), thus providing astronomical ages for
calcareous plankton bioevents. This paper presents the
high resolution calcareous plankton biostratigraphy of
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F. Lirer, R. Mazzei, G
the S. Nicola composire secrion which ecompasses rhe
choronological interval between 12.6aMa and 11.12 Ma.
Geological setting
The Tremiti archipelago (Fig. t) is made up of rhe
three islands S. Domino, S. Nicola and Caprara and the
two islets (Pianosa and I1 Cretaccio). It is located about
20 km off the north coast of Gargano (Apulia), at the
northern margin of the Apulian platform and belongs to
Fìg. I - Location nrap wirh major
geological units and forma-
tions of the temiti Islands
and synthetic lithostratì-
graphic log of the Miocene
succes sion.
the Adriatic domain (Gambini &.Tozzi 1996).
The geology of the Tremiti Islands has been docu-
mented by Tellini (1890), Bassani (1907), Squinabol
(1908), Checchia Rispoli (1926,1928), Baldacci (1953),
Pasa (1953), Selli (1971), and more recenrly by Pam-
paloni (1988) and Cotecchia et al. (1996). The stratigra-
phy of the islands was established by Selli (1921) vrho
distinguished 3 pre-Neogene formations ourcropping
mainly in S. Domino and Caprara and 2 marine Neogene
formations:
Di Stefano,
SaÌt-atorini
E. Di Stefano, S.M. Iaccarino,
& R. Sprocieri
Fig. 2 - Sampling trajectories o{ the
Cemetery Section, S. Nicoia
Island.
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Fig. 3 - Sampling trajectories of the Castle Section, S. Nicola
Island.
- the Cretaccio Formation (Fm), lying with
angular unconformity on the pre-Miocene units and
mainly composed of yellowish marls and calcareous
marls;
- the S. Nicola Fm, lying on the Cretaccio For-
mation, consisting of dolomitic limestones and biocal-
carenltes.
The marine formations are capped by continental
conglomerates, strips of loess and calcareous crust
(caliche) of middle to late Pleistocene age (Sel1i 1971;
Cotecchia et al. 1996).
The Miocene succession shows a general SE dip-
ping'and an intense faulting and fracturation due to pre-
vailing extensional tectonics. The major faults are post-
Miocene in age and have NV- SE and E-V trends.
A synthetic strarigraphic 1og of the Cretaccio Fm,
which is described in Iaccarino et al. (2001), is shown in
Fig. 1. Iaccarino et al. (2001) and Foresi et al. (in press)
assigned the Cretaccio Fm to the Praeorbulina glomerosa
s.I. Zone - Globorotalia conomiozea Zone interval of the
Iaccarino tr Salvatorini (1982) and Iaccarino (1985)
planktonic foraminiferal zonal schemes and to the Dis-
codster exilis-Sphenolithws heteromorpbus Zone - Amau-
rolitbus cleLicatus-A. amplificus Zone interval of the nan-
nofossil zonation of Mazzei (in Iaccarino et al. 2001)
and the lower part of the S. Nicola Fm to the
foraminiferal "Non distinctive" Zone and to the nanno-
fossil ,4. delicatus-A, amplificus Zone. The geochrono-
logical assignment of the Cretaccio Fm is Langhian to
Messinian in age and the lower part of S. Nicola Fm is
Messinian in age.
The studied section
The investigated S. Nicola composite section is
entirely comprised in the Cretaccio Fm cropping out on
S. Nicola Island. It consists of the Cemetery and the
Castle sections (Fig. l). These two sections have been
selected on the basis of the lithological and biostrati-
graphic data described by Iaccarino et al. (2001). In fact,
the Cemetery and Castle sections are very close to the
Section 9 and 1O of the mentioned work. The Cemetery
section (Fig. 2), 19 m-thick, is located on the NW coast
of the island, below the cemetery and the sample trajec-
tory lies on the right side of a clearly visible normal fault
with apenninic trend. The Castie section (Fig. 3), 26 m-
thick, is located on the SE coast, below the castle and
consisrs of two segments of l.ot and 18.12 m, separated
by a shear plane (Fig. a). The composite section has a
total thickness of 38 n.
The sedimentary record of S. Nicola composite
section consists of a quasi-regular alternation of
indurated, whitish coloured, CaCO3-rich marly beds
and greycoloured less indurated, CaCO3-poor marly
beds. Red coloured, CaCO3-poor marls at times replace
the grey marls. The marly limestones are 0.25-1 meter
thick, while the red and grey marls range from a few cen-
timetres up to 80 cm. Bioturbation is present through-
out the section and, localiy, fossil remains hke Flabel-
lipecten àîd Neopycnodonte are very abundant.
The cyclostratigraphic study carried out on the S.
Nicola composite section has been performed by Lirer
et al. 12002;. The lithologic cycles are not evenly dis-
tributed throughout the section but reveal a disrinct pat-
tern and frequency. In particular, in the Castle section
the lithologic cyclicity is not visible from 9 m to 15.30 m
because of poor exposure of the outcrop, while it is
again recognisable in the uppermost '+ m of the section.
In the Cemetery section the cyclicity is clearly evident
throughout the whole section and the thickness of the
sedimentary cycles is more regular than in the Castle
section. Lirer et aL QAAI recorded 52 cycles spanning
1.5 My, from 12.6A Ma to 1 1.12 Ma.
Paleomagnetic and stable isotope analyses carried
out on some samples revealed that the magnetisation of
the sediments and the overgrowth of the foraminiferal
tests respectively prevented to obtain reliable results.
Biostratigraphy and biochronology
Planktonic foraminifera. The foraminiferal analysis
was carried out on 182 and 251 samples from the Ceme-
tery (Tab. 1) and Castle (Tab. 2) sections respectively, at
a mean spacing of about 10-15 cm. Preservation is gen-
erally good and on average is better in the grey/red lay-
ers than in the whitish indurated layers where some-
times the foraminiferal tests show overgrowth. Samples
L. M. Foresi, S. Bonomo,A. Carwso,A. Di Stefano, E. Di Stefano, S.M. Iaccarino,
F. Lirer, R. Mazzei, G. Sahtatorini f: R. Sprovieri
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940 13 90
TTA- 1 0. 't0 TTA. 93 9.50 TTA - 195 '14.00
TTA. 2 0.20 TTA - 48 4. d0 TTA. 94 Y.OU TTA - 197 14.10
-fTA 
- 3 0.30 TTA. 4 490 TTA. S5 9.70 TfA - 19( 14.2t)
TTA. 4 040 980 rTA - 20( 't4 35
0,50 rTA- 51 5. 10 TTA. 97 oon .|fa - 20t 1
TTA- 6 0.60 5.20 TTA. 98 10.00 TTA - 203 '14.65
TTA- 7 0.70 TTA. 53 5.30 TTA. 99 10.10 TTA. 2O4 14.7 5
TTA. 8 0.80 TTA. 54 5.40 TTA.10( 10.2C TTA. 2OT '14.85
TTA. 9 090 IA. 57 10 3C TTA - 207 14 95
TTA- 1 00 TTA. 56 5.80 rTA - 10i 10,4C 15,05
TTA- 9 10 rTA- 57 5.90 TTA - 10 1 0.5C TTA. 20( 15.15
TTA- 8 20 rTA - 58 6.00 TTA. 10, 10.6C TfA 15.25
TTA. 7 30 tTA - 59 6 10 TTA. 1OI 10 7C TTA 15 35
10 8C
TTA. 'I5 50 TTA - 61 6.30 TTA - 10 '1 0.90 TTA 15.55
TTA - 14 60 6.40 TTA 0€ 0c 1 5.65
TTA - 13 70 fTA - 63 6.50 TTA 01 1[ TTA 15.75
TTA. 12 80 TA- TTA 2C 15 85
TA. 670 T-fA . t11 t1 ITA. 1
TA. ?(. 2,00 TTA - 66 6.80 ITA .4C TTA 16 05
TTA. 19 2.10 TÎA - 67 6.90 .l! f'lA- 221 to. tf
TrA- 22 2.20 TTA - 68 7.00 TTA 6( TrA - 22'l 4.25
TfA- 23 2.30 rTA - 69 7.10 IL îîA - 22'
TfA- 24 240 720 TTA.. 1 t1 TA- 16 4
TA- 71 7.30 ITA oa rTA 16 55
TTA - 26 2.60 tf{- 72 7.40 TTA .0( îîA- 221 16.65
TTA. 25 2.70 fTA - 73 7.50 ITA I rr{ - 22( 16.75
T-fA- 24 80 TTA - 74 7.60 TTA 2( 2( t-fA. 227 1 6.85
TTA. 2! 2SO ITA 2
300 780 la - 12t 4( TTA - ?2(
3lo 7.90 23 z.ft 17 .1
TrA - 28 3.20 TTA. 78 8.00 24 .6( TTA - 231 17 .25
ITA - 27 3.30 fTA - 79 8.10 TTA 2! n 17.35
TTA - 2€ 40 TTA - 8C 420 80 rTA - 23i 745
8,30 TTA 90 1
TTA. 24 3.60 T-rA - 82 8.40 TTA .00 rTA - 23: 17.65
TTA. 23 3.70 T-t-A - 83 8.50 TTA 2( 10 fTA - 23( 17.75
TTA - 3€ 80 IA. A4 860 TTA 3( 2A ltA- 237 17 a5
TTA - 3! 390 rTA. 870 TTA. 1
400 E. EO TTA. 185 40 TTA - 23( 18.05
4.10 T-t-A - 87 8.90 TTA - 1B( 50 tf{- 24( 18.15
TTA. 42 4.20 TTA - 88 9.00 tTA. 187 .6C ltA- 241 18.25
rTA - 43 4.30 TTA - 8€ 9.10 TTA - 18( 7C TTA. 24' 18.35
îTA - 44 4,40 TTA - 9C 9,20
T-rA - 45 4.50 TTA. 31 9.30
Tab. t - List and depth of the investigated samples of the
Cemetery section. Sample depth of Cemetery sec-
tion is the same as in the composite section.
'were first dehydrated in oven at 40 degrees, subsequent-
ly disaggregated in distilled water and washed with a 63
pm sieve. Fig. 5 shows the quantitative distribution pat-
tern of 14 planktonic foraminiferal categories having
biostratigraphic significance. The patterns are based on
counting of about 300 specimens of all planktonic
species from splits of the > 125 pm fraction. A qualita-
tive analysis based on more detailed surveying of the
>63 p,m fraction, has been performed every meter.
Taxon abundance is expressed as percentage of the total
assemblage. Fluctuations and distributions of the select-
ed planktonic foraminifera are described and related to
the astronomical tuning.
Globigerinoides obliquus obliquus Bolli (Pl. 1, figs.
1-3)
The distribution pattern of this taxon is very dis-
continuous. The curve (Fig. S) shows two major influx-
es characterised by high percentages values (5-10%).
The first one between 13 m and 15 m and the second
one, from 28.69 m up to the top of the section. At the
Tab.2 - Lìst of the investieated samples of the Castle section.
base of the second interval the First Regular Occurrence
(FRO) of this species occurs which shows a progressive
increase in abundance.
Globigerinoides swbqwadratws Brónnimann (Pl. 1,
figs. a-6)
This taxon shows a discontinuous distribution
through rhythmic abundance peaks (>40%). In the
upper part of the range G. subqwadratzs shows a more
continuous presence, with percentages iower than previ-
ous ones. The Last Common Occurrence (LCO) of the
species, which is a first order biostratigraphic event,
occurs ar 28.89 m (at 11.54 Ma). This event slightly
postdates the FRO oÎ G. obliquus obliquws and coincides
with the end of the first influx of neogloboquadrinids as
in M. Gibliscemi section (Hilgen et al. 2000).
Neogloboquadrinids (Pl. 1, figs. Z-i6)
In our succession we distingui shed Neogloboquad-
rina acostaensls (Blow) (Pl. 1, figs. 7-8), lr[. atlantica
praeatlantica Foresi, Iaccarino 8r Salvatorini (Foresi et al.
LO/
The synchroneity of these events have been
already documented by Hilgen et al. (2000). The origin
of the neogloboquadrinids group is still an unsolved
question. The earliest neogloboquadrinids are recorded
from the late Middle Miocene in the north Atlantic
region (Hilgen et al. 2O0O and reference therein) . These
earliest specimens migrated into the Mediterranean
from regions north of Iceland. In fact, the eariiest
spreading of this group in the tropical region occurs in
the early-Late Miocene ar9.89 Ma (Turco et al. in press)
or àf 9.82 Ma (Chaisson & Pearson 1997)
Recently, in Leg 162-Site 9828 (north Atlantic,
Rockall Plateau), the FO of N. atlantica praeatlantica
(unpublished data) has been recorded in the Bolboforma
badenensis Zone between 11,.9 and 12.6 Ma (Spiegler
1999). This datum supports that the appearance of N.
atlantica praeatlantica in the north Atlantic regìons is
older than in the Medrterranean.
^ ^'-^^*^:-'^rval in the distribution ranpe oItuurtvrr  ú"b! vr
neogloboquadrinids has been observed from about 28.89
m (11.54 Ma) to about 34.5 m (11.21Ma). The base of
this paracme interval almost coincides with the LCO of
G. subquadratus and with the FRO of G. obliquws
obliquus. A second influx of neogloboquadrinids, corre-
latabie ro rhat recorded by Hilgen et a1. (zOoO), is very
close to the N. atlantica atlantica FO which occurs ar
36.39 m (at 11.1,6 Ma). The arrival of the second influx
of neogloboquadrinids closely postdates the Last
Occurrence (LO) of Paragloborotalia sialeensis and the
beginning of the saw teeth distribution of G. obliquus
obliqwus.
From the base of their distribution up to the base
of the paracme interval the neogloboquadrinids are ran-
domly coiled. Within the paracme, the specimens are
very rare but right coiling seems 10 prevail. The right
coiling starts to dominate above the paracme inter-val at
L. M. Foresi, S. Bonomo,A. Caruso,A. Di Stefano, E. Di Stefano, S.M. Iaccarinct,
F. Lirer, R. Mazzei, G. Salvatorinì G R. Sprortieri
2A02b) (Pl. 1 , figs. 9- 1 6) and 11. atlantica atlantica 1 1 .25 Ma at the same age than that reported in Hilgen et
(Berggren). The first representative is N. atlantica al. (2000) (Fig.5).
praeatlantica vzhich includes the forms previously
ì.port.d as N. continuosa (Foresr et a1. 199g) and 11. catapsydrax par'r,wlws Bolli, Loeblich tr Tappan
atiantica (small sized) (Hilgen et a1., 2OO0). A compiete (P1' 1,ligs' 1'7-18)
description ancl revision oi th. raxonomy of this new 
.Duringthestudyof theMiocenesuccessionof the
subspecies is given byForesi etal. (zoozb).N. acostaen- temiti Islands, Foresi et al. (in press) highlighted that
sls is the ,..orrd representarive; in our concepr this taxon there are no differences between Globorotaloides fal-
comprises forms with 4 - 5 chambers in the last whorl. conarde Giannelli & Salvatorini and c, paroulus. conse'
The 4-chambered morphotypes occur within the quently, the opinion oÎ Zachariasse (1'992) and Kriigs-
neogloboquadrinid population ìn the lower part of its man et al. (1995' 1999) that G. falconarae is a junior syn-
,r,rg.. th. +-chambered type of Hilgen .t ,1. lzooo; i, onym of C' pa*'*lus is folÌowed here'
included ín N. acostaensis. N. atlantica atlantica js the In our succession the first rare specimens of C.
third representarive of this group. Our specimens well parvwlws are recorded at 21,.77 m (dated at 11.83 Ma)
.o...rpo.rd to the diagnostic f."tu.., of the holotype, (Fig. 5). This level slightly predates the FCo of the
particularly in terms oi rhrp. and texrure of the tesi. taxon that almost coincides with the neogloboquadrinids
The First Occurrence (FO) of the neoglobo- FO. The size of the taxon is variable, ranging from small
quadrinids is recorded at 22.1.7 m, in cycle 66 (dated at (about 130pim, like the typical C.parvulws) to large spec-
11.8Ma) .Inthesamecyclehavebeenrecordedbothll. imens (about 250 pm). The large specimens closely
atlantica praeatlantica and N. acostaensis s.s. FOs. resemble Globoquadrina sp. 1, of Hilgen et al. (2000) .
Paragloborotalia partimlabiata (Ruggieri &
Sprovieri) (P1.2, figs. 1-Z)
This taxon is present from the base of the section
with high percentages (30-50%) and its FO has been
recorded in the Ras il-Pellegrin section (Malta) at 1.2.62
Ma (Foresi et aL 2aa2a) one cycle below the base of the
S. Nicola section. The LO of the species occurs ar 22.17
m (at 11.8 Ma) and is synchronous with the FO of the
neogloboquadrinids. According to Hilgen et al. (2000)
P partimlabiatd occurs up to 9.91, Ma. In our opinion
they do not correspond to the typical forms because
they are smaller, with less inflated chambers and more
radial sutures than typical P partimlabiata (see also Fore-
si et al. in press) and we labelled them P cf . partimlabia-
ta (Fig. 5,Pl.2, figs. 8-11). However, our LO of P par-
timlabiata is well recognisable in the distribution pattern
of Hilgen et al. (2000) because it coincides with the
sharp drop in abundance of the taxon which realises very
close to the neogloboquadrinids FO.
Paragloborotalia mayeri (Cushman & Ellisor) (Pl.
2, figs. 12-16)
Following the concept of Blow (1969) we distin-
guished P mayeri from P siakensis as Cita et al. (1.978),
Salvatorini & Cita (1979), Iaccarino (19S5), Foresi et al.
(1998, 2AA2a). According to Bolli & Saunders (1982,
lqQ(r ^-l T-I;l^^- ^, ^l t )nAn\ tL-t2or) anu rrlrgcil (r a . (IUUU) tne two taxa are co-spe-
cific. The first specimens of this taxon show some fea-
tures (like the shape of the test and the aperture) similar
to P partimlabiata. Therefore, Foresi et al. (in press)
inferred that P. mayeri could be evoived from P partim-
labiata. P mayeri shows a very short distribution pat-
tern, with a mean percentage lower than 15%. The FO
of this taxon is a event difficult to be detected. It has
been recorded only through the qualitative analysis in
Malta at 12.39 Ma (Foresi et aI. 2002a). On the conrrarlz)
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the FCO of the taxon is an easily recognisable event and
it has been recorded in the S. Nicola section at 8.10 m in
cycle 90 (lna Ma). The LO of the taxon in cycle 81
Q2.1,a Ma) practically coincides with the first influx of
Globigerinoides obliquus obliquus and with the FCO of
Globoturborotalia decorapertd gr. 1Fig. 5t.
Paragloborotalia sialeensis (LeRoy) (P1. 3, figs. 2-16)
In the counting of P siakensis we included typical
forms of P sialeensis and 4-chambered sma1l-sized speci-
mens (see Bolli tr Saunders 1982). Both forms are
always present in the section up to the LO of the species
recorded in cycle 37 qat 12.21 Ma) . The dr'tribution pat-
tern shows an acme interval between 6.9 m (dated at
12.38 Ma) and 1.7.2 m (dated ar 12.00 Ma). Below and
above this interval P siakensis is rare. Fig. 5 shows that P
sialeensìs and P partimlabiata are two vicariant species
both in long and short distribution: the acme of P siak-
ensls between cycle 92 and 75 and three peaks between
cycles 80-85 coincide with the low frequency ol P par-
timlabiata.
Globorotalìa praemenardii-menardii group (Pl. 1,
figs.19-20; PI. 3, fig.1)
Globorotalia praemenardii praemenardll Cushman
& Stainfort (Pi. 1, figs.19-2a), Globorotalia aff. menardii
(Parker, Jones 8r Brady) (P1. 3, fig.1) and Globorotalia
menardii s.l. are included in this taxonomic unit. These
taxa have been distinguished only through qualitative
analysis.
All taxa have a low trochospiral test with a periph-
eral keel; 5-6 chambers in the last u,'hor1, a low arched
slit-like aperture at the base of the last chambeq and on
the spiral side the sutures are strongly curved. The three
taxa differ from each other in the development of the
peripheral keel, the shape of the chambers in spiral view,
and finally in the development of limbate spiral and
intercameral sutures. G. praemenardii praemenardii
shows a narro\il keel, a slow increase in chamber size and
a not limbate spiral suture; G. aff. menardii has a more
prominent keel, a slow increase in chamber size and a
slight limbate spiral suturei G. menardii s.1. shows semi-
circular outline of the chambers, a prominent keel and a
limbate spiral suture. G. aff. menardii corresponds to G.
ex gr. cwhrata of Giannelli & Salvatorini (1975) and Cira
et aI. (1.978) and probably ro G. menardii form 2 and 3
of Tjalsma (1971) andZachariasse (1975).
The abundance pattern of these globorotalias is
not continuous, the mean percentages are lower than 5-
6%. Higher percentage (10-15%) were observed
between 6.9 and 1,7.2 meters below and above the acme
of P sialeensis.
G lob oturborotalia de corap erta gr otrp
This taxonomic unit including Globoturborotalia
decoraperta (Takayanagi & Saito), G. apertura and G.
Di Stefano, E. Di Stefano, S.M. Iaccarino,
Sal,ttatorini €: R. Sprouieri
woodi (Jenkins) is rare in the lower part of the section,
becomes common from cycle 90 where the FCO of G.
decoraperttt gr. has been recognised. This event occurs in
the same cycle as rhe P mayeri LO. The FCO of G. de-
coraperta gr. is followed by a further increase in abun-
dance just below the LCO of G. subquadratus and FRO
of G. obliquus obliquus. The second increase of G. deco-
rapertd gr. associated with the FRO of G. obliquus
obliquus is well correlatable to the increase of G. obliqu-
ws obliqwus-G. apertura gr. recorded in M. Gibliscemi
section (Sicily) by Hilgen et al. (2000).
D en togl ob iger i n a alt i sp i ra group
Dentoglobigerina altispird gr., which includes
mainly D. abispira ahispira and D. altispira globosa, is
very abundant (with percentage > 50%) from the base
of the section up to 17.75 m (cycle 74) where its LCO is
well detectable. Upwards, D. altispira gr. is present with
lower percentages (< 2A"k) and at 30.01 m (dated at
11.47 Ma) its Last Regular Occurrence (LRO) is record-
ed. Only rare specimens are detectable in the upper part
of the succession.
Calcareous nannofossils. The calcareous nannofos-
sil study is based on quantitative analysis of 1gz samples
from the Cemetery section and 125 samples from the
Castle section where particular emphasis has given to
the crucial intervals. Qualitative analysis has also been
performed on one sample per meter. Smear slides were
prepared from unprocessed sediments following stan-
dard techniques. To obtain the distribution patterns of
selected calcareous nannofossil taxa, light microscope
analyses were performed (transmitted light and crossed
nicols) at about 1000X magnification. Abundance data
were collected using methodology described by Back-
man & Shackleton (1983), Rio et al. (1990) and exten-
sively used in Mediterranean and extra-Mediterranean
quantitative biostratigraphic studies of Neogene marine
records; ODP sequences and land sections; (Raffi &
Flores 1995; Raffi et aL. 1995; Fornaciari et al. 1,996;
Backman & Raffi 1997 Di Stefano 1998; Hilgen et al.
2000).
The following counting methods were used:
1) Index species versus a prefixed number of taxo-
-^*;^.lt-,.^1.,-t f.llulilre .1il) rclatcu rOfmSl
2) Number of specimens of an index species or
genus in a prefixed area of the slide (4.52 mm2).
Method 1 was adopted to detect abundance pat-
terns of Calcidiscus premacintyrei and C. macintyrei
(within 30 to 50 Calcidiscws), Coccolithus miopelagicus
(within laa Coccolitbus), Helicosphaera rualbersdorfensis
and H. stalis (within 100 helicoliths).
Method 2 was adopted to detect the abundance
patterns of total Dìscoaster and D. kuglert.
Calcareous nannofossils are generally abundant to
common throughout both sections. Large to medium
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size placoliths of the genera Calcidiscus, Coccolitbus,
Dictyococcites and Reticulofenestra are the most common
components of the nannofossil assemblages in both sec-
tions. Reworked taxa occur throughout the sections in
low frequency.
Preservation is moderate to good in the Castle
section, but it is poor to very poor in the Cemetery sec-
tion, with partially dissolved and/ or overgrown assem-
blages. Due to the different preservation and occurrence
of the taxa in the two sections, the distribution pattern
of calcareous nannofossils was kept separated for the
overlapping interval (Fig. 6).
The identification at specific level of the discoast-
ers and the distribution pattern of small-sized helicol-
iths was performed only at the Castle section. Heli-
cospbdera ualbersdorsfezsls is generally common, but low
percentage levels were found in the lowermost and
uppermost part of the section. Helicosphaera stalis
shows a scattered distribution and low percentages
throughout.
Astronomical calibration of these events obtained
by Lirer et a\. QAal and reported in Tab. 3 were com-
oared with the ases. for the same biohorizons obtained
in other Mediterranean sections (Malta Island: Foresi et
al. 2aa2a; Sicily: Di Stefano et aI. 2aa2, and in Equatori-
al Pacific (Shackleton et aL.1995).
C alcidis cws premacintyre i (Theodoridis)
Comments on this taxon have been reported by
Foresi et al. (20A2a). The distribution pattern of C.
premacintyrel shows a clear drop in abundance in the
Cemetery section in cycle 98. Above cycle 98, this taxon
is extremely rare to absent. In the Castle section the
abundance pattern of this taxon is discontinuous and
reaches very low percentages (<2-3%).
As in other mainly terrigenous Mediterranean
sequences (Fornaciari et al. 1996; Foresi et aI. 20a2a), it
is veiy hard to establish if these rare occurrences are
related to autochthonous or reworked specimens. The
drop in abundance occurring in cycle 98 has been con-
sidered as the LCO ol C. premacintyrei. The cyclosrrati-
graphically calibrated age of this level is 12.51 Ma (see
Tab. 3). This age is fully correlatable with the age
obtained for the same biohorizon in the Malta section
(Foresi et aI. 20A2a). The LCO biohorizon has been
firstly utilized by Fornaciari et al. (1996) as zonal mark-
er to detect the boundary between NN6-NNZ Zones of
Martini (1971\ in the Mediterranean Miocene record.
The data reported here point out that this biohorizon
can be considered isochronous and therefore, useful for
time correlation in the Mediterranean. No estimated age
for the LCO of C. premacintyrei has been reported in
literature, but Shackleton et al. (1995) give an age of
1,2.65Ma to a "C. premacintyrel top horizon" at low-lat-
itude equatorial Pacific ODP Leg 138.
Taxa Event Cycle Positlon(m) Age
Planktonic foraminifera
miopelagicus LCO 35 35,29 '1'1,'18
Neogloboquadrina atlantica atlantica FO 34 36,39 '1'1,16
Paragloborctalia siakensis LO 37 34,49 11,21
Dentoglobigerína altispira spp. LRO 50 30,01 11,47
Globigerinoides subquadratus LCO 53 28,89 11,54
Glabigerinaides obliquus obliquus FRO 53 28,69 11,54
Neoglobaquadrína acosfaersre FO 66 22,17 1 1,80
Neoglobaquadrina atlantica praeatlantica FO 66 22,17 1 1,80
Paragloborotalia paftimlabiata LO 66 22,17 1 1,80
Catapsydrax paNulus FCO 66 22,17 1 1,80
Catapsydrax paNulus FO 68 21,77 1 1,83
Dentoglobigeilna altispira spp. LCO 74 17,75 11,97
Paragloborotalia siakensis AE 75 17,20 12,01
Paragloborotalía mayeri LO 81 13,10 12,14
G. decorapefta V. FCO 81 13,'10 12,14
Paragloborotalia mayerl FCO 90 8,1 12,34
Paragloborctalia siakensis AB 92 6,9 12,39
Ca careous nannofossils
kugleri LCO 56 27,29 '1 '1 ,60kugleri FCO? 71 19,20 1'1,90
macintyreí FCO 90 8,2 12,34prcmacintyrei LCO 98 3,6 12,51
us macintvrei FO 101 1.7 12,57
Tab. I - Stratigraphic position and astronomical ages of calcareous
plankton events.
Calcidiscus macintyrei (Loeblich 8c Tappan)
Comments on the taxonomic concept. quantita-
tive distribution, occurrence and reliability of this taxon
are reported by Foresi et al. (2aa2a), to whom the read-
ers can refer to.
Generally, the Calcidiscws population is very
scarce in the Cemetery section and in some samples,
only a long search allowed us to obtain a total of 10
specimens of this genus. The high resolved distribution
pattern of C. macintyrel shows that, even if discontinu-
ously present, its first occurrence is slightly below the
LCO of C. premacintyrei as in the Malta section. From
the topmost part of cycle 90 it increases in abundance
and is more continuously present upwards.
Fornaciari et aI. (1996\ did not use the FO of C.
macintyrei for defining a zonal boundary due to the ini-
tiai rarity. Ve suggest that this event could be used in the
Mediterranean, even if not as a zonal boundary marker,
to improve the stratigraphic resolution in the topmost
part of the MNN6b Subzone. If the FO of this taxon is
recognised by means of high resolution analyses, it can
discriminate a very short stratigraphic interval below the
LCO of C. premacintyrei. The time interval covered by
the co-occurrence of these two taxa coincides with three
precession cycles both in the Tremiti and in the Malta
secrion (Foresi et al. 2AA2a). The cyclostratigraphically
calibrated age of the FO of C. macintyrei in the S. Nico-
la composite section falls in cycle 101 at 12.57 Ma (Tab.
3) (Lirer et alr.2a02). The same age has been obtained for
this event in the Malta section (Foresi et al. 2002a) . This
Mediterranean age strongly differs from the age of 12.14
Ma reported by Shackleton et al. (1995) for their "C.
macintyrei bottom horizon" at the low latitude equatori-
al Pacific Ocean. Therefore, its entry level in the
Mediterranean record is older, confirming the biogeo-
graphical control on the distribution of this taxon.
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PLATE 1
Fig. 1 - Globigerinoides obliquus obÌiquus: umbilical vìew, TTAA-298; Fig.2 - Glctbigerinoides obliquus obliquus: lateral vien-, TTAA-298; Fig.3 -
Globigerinoides obliquus obliquus: spiral vierl', TTAA-298; Frg.4 - Globigerinoides subquadratus: spiral view, TTAA-213; tsig.5 - Globigerinoid"s
subqwad,ratus: lateral view, TTAA-213; Fìg.6 - Globigerinoides subquadratus: umbilical vien, TTAA-2i3; Fig. Z - Neogloboquàdrina acost)ensis s.s.:
spiral vìer-, TTAA-306; Fig. 8 - NeogioDoquadrìna acostaensis s.s: umblical view, TTAA-306; Fig. 9 - Neogloboquadrina atlanrìca praeatldnticd: \p;-
ral vier', TTAA-163; Fig. 10 - Neogloboquadrina atlantica praeatlanticn: umbilical vier-, TTAA-163; Fig. 11 - Neogloboquadrína atlantica praeat-
lantica'. larcral view, TTAA-173; Fig. 12 - Neogloboquadrina atlantica praeatlantica: spiral vien., TTAA-173; Fig. 13 - ieog/ob6quadrina atlanhca
praedtlantica: umbilical vìen',TTAA-123; Fig. 14 -Neog/oboqwadrinaatlantícapraeatl.antica: umbiiical vieqTTAA-123; Fig. 15 lNet,globoquadrì
na atlantica praeatlantica: spiral viex', TTAA-292; Fig. 16 - Neogloboquadrina atlarttica praeatlantica: lateral view, TTAA-292; Fig. Il - Catapsydrax
parDulus: umbìlical vierv, TTAA-163; Fig. 18 - Catapsydrax parculus'. umbilicai vien', TTAA- 173; Fig. 1 8 - Globorotalia praemen)rdii praem'enardii:
spiral vien-, TTAA-233; Fig. 20 - GloborotaÌia praemenardii praemenardìi: unbr\cal r-ìen, TTAA-233;
PI.2268 L.M Foresi, S. Bonomo, A. Caruso, A
F. Lirex R. L[azzei, G
Above cycle 90 higher percentage values and a more reg-
ular occurrence can be detected up to the top of the
Cemetery section. \fe tentatively consider the beginning
of this abundance increase as a distinctive FCO horizon
in the quantitative distribution of the taxon. Its
astrochronological ageis 1,2.34 Ma (Tab. 3). In the Cas-
tle section, the Calcidisczs population is well represent-
ed and oreserved: a continuous occurrence of C. macin-
Di Stefano, E. Di Stefano, S.M. Iaccarino,
5alz,arorini €: R. Spro""'ieri
PLATE 2
Fig. 1. - Paragloborotalia patimlabiata: :Lnbthcal vieq TTA-26; Fig. 2 - Paragloborotalia partimlabiata: spiral view, TTA-76; Fig.3 - Paragloboro'
talia partimlabiara: umbilical vies., TTA-89; Frg. 4 - Paragloborotalía partimlabiata: sptal view, TTA-89; Frg. I - Paragloborotalia partimlabiata: lat'
eral vieq TTAA- 1 19; Frg. 6 - Paragloborotalia partimlabiata: spiral vier-, TTAA-1 1 9; Fìg. 7 - Paragloborotalia partìmlabiata: umbilical vieq TTA A -
1 19; Fig. 8 - Paragloborotalia cl. partimlabìata: spiral view, TTAA-2 1 3; Fig. 9 - Paragloborotalia c[. partimlabíara: umbilical vie*', TTAA-2 1 5; Fig.
1a - Paragloborotalìa c[. partimlabiata: umbrlical vìen', TTAA-215; Fig. 11 - Paragloborotalia c[. partimlabiata: tmbtlical view, TTAA-215; Fig. 12 -
ParagloborotaÌia mayeri: umbrhcal vìen, TTA-86; Fig. 13 - Paragloborotalia mayeri: spiral vier., TTA-36; Fig. 1a - Paragloborotalia mayeri: latera)
view, TTA-86; Fig. 15 - Paragloborotalia mayeri: umb1lìcai vieq TTAA-39; Fig. 16 - Paragloborotalia mayeri: spiral vien', TTAA-39.
tyrei, with percentage values ranging from 2a to 9AoÀ,
was detected in samples studied every 20 cm.
Discoaster kuglerì (Martini & Bramlette)
To identify Discoaster lewgleri, the original descrip-
tion reported by Martini & Bramlette (1963) has been
strictly followed. The poor preseryation of the Discoast-
er populalion in the Cemetry section hampered rhe
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PLATE 3
Ftg. 1 - Globorotalìa aiÍ. menardii: spiral r-ien., TTAA-223; Frg.2 - Paragloborotalia sialeensis: spiral r.ien., TTA-103; F:g.3 - Paragloborotalia siale
ezsis: umbilical vies', TTA-103; Fig.4 - Paragloborotalia siakensis: lateral vier-, TTA-103; Frg.5 - Paragloborotalìa síakensis: spiral view, TTA-101;
Fìg. 6 - Paragloborotalìa siakensis: umbilical vieq TTA-101; Fìg.7 - Paragloborotalia sialeensis: lateral viev., TTA-101; Fig.8 - Paragloborotalia siak-
ezsls: umbilical view, TTAA- 59; Fig. 9 - Paragloborotalia siakensis: spiral vien, TTAA-59; Fig. 1O - Paragloborotalia sìakensís: lateral r-ien, TTAA-
59; Fig. 11 - ParagloborotaÌia síakensis: spiral viex', TTAA-l03; Fig. 12 - Paragloborotalia siaÈensis: umbilical view, TTAA-103;Fig. 13 - Para-
globorotalía siakensis: lateral view, TTAA-103; Fig. 11 - Paragloborotalia siakensis: spiral view, TTAA-233; F'ig. 15 - Paragloborotalia siakensis..
umbilical vien-, TTAA-233; Fig. 16 - Paragloborotalia siakensis: umbilical view, TTAA-228;
recognition of the distribution of D. kwgLeri.In the Cas-
tle section the discoasterids are berrer represented and
preserved, and a detailed study was carried out ro obrain
the distribution pattern of D. bug/eri. Nevertheless, rhis
pattern is difficult to interpret because D, kugleri is ran-
domly present in the lower parr of the section and shows
more continuous presence from cycle 71. The distribu-
tion pattern of the taxon is missing in the interval from
cycle 74 to cycle T2because of the presence of the above
mentioned shear piane (Fig. 0) .
\fle tentatively place the FCO of D. kugleri in
cycle 71, of the Castle secrion ar an asrronomical age of
11.90 Ma. This age is in agreement with the age of the
lithologic cycle where the FCO of the species has been
identified by Hilgen et al. (2000).
Between cycles Z1 and 56, D, leugleri shows fiuc-
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tuating abundance and discontinuous occurrence, with a
maximum of 1O specimens per mm2 within cycle 67.The
highest values coincide with high frequencies of the
rctal Discoasrer distribution as also observed in the Case
Pelacani section (Di Stefano et al.2a02).
The D. leugleri LCO is located in coincidence of
the significant drop in its relative abundance within
cycle 56, dated at 11.60 Ma. This age is in good agree-
ment with that obtained for the same biohorizon in the
Gibliscemi record (Hilgen et al. 2000) and in the Case
Pelacani section (Di Stefano et al. 2aa2). The highest
occurrence of the species was detected at level 31.5 m,
but it is hard to establish if this represents the real
extinction level of the taxon.
Fornaciari et aI. (1996\ attribute to this form a
limited biostratigraphic potential, pointing out the diffi-
culty of recognising the range of Discoaster kugleri in rhe
Miocene Mediterranean record where it is poorly repre-
sented. Hilgen et al. (2OOO), however, show a clear bios-
tratigraphic signal provided by D, kwgleri distribution in
the Gibliscemi section and propose a Discoaster kwglerì
Subzone within the MNNZ Biozone of Fornaciari et al.
(1996) defined by the FCO and LCO of this form.
C o ccolitb u s miop elagicu s (Bukry)
Coccolithus miopelagicus is an easily detectable and
well represented form both in the Mediterranean and in
oceanic regions. The biostratigraphic value of the LO of
C. miopelagicus is worldwide used although a slight
diachroneity for this event exists between low and mid
latitude (Raffi et al. 1995; Backman Sr Raffi 1997).In
the Mediterranean, Fornaciari et aI. (1,996) recorded the
LCO of C. miopelagicus, just below the LO of H. wal-
bersclorfensis, but they did not use the bioevent in their
zonal scheme.
In the Castle section C. miopelagicrzs shows a saw
teeth distribution pattern through the considered inter-
val (quantitative analyses on this taxon have been per-
formed onl,v from cycle 62 upsection) and it becomes
extremely rare in the topmost levels. In the upper part of
C. miopelagicus range, an absence or very 1ow-frequency
("paracme") occurs in a very short interval between 32
and 33 meters; the same feature has been detected in the
distribution pattern reported for this taxon at Case Pela-
cani section (Di Stefano et aI. 2aa2). We located the
LCO of C. miopelagiczs close to the highest significant
drop of frequency of the taxon 'àt 35.29 m, dated at 1 1 . 1 8
Ma, in agreelîent with the age recorded in the Case Pela-
cani section (Di Stefano et aI.2aa2).
Serraval lian/Tortonian boundary
The Serravallian/Tortonian (S/T) boundary his-
torically slighty predates the FO oî N. acostaensis (Cita
8e Blow 1969). However this event was supposed to
L. M. Foresi, S. Bonomo, A. Caruso, A. Di Stefano, E. Di Stefano, S.M. Iaccanno,
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occur from the basal part of the Tortonian stratotype
section of Rio Mazzapiedi-Castellania (Cita & Premoli
Silva 1968). In the low latitude zonal scheme of Blow
(1969), this event defines the N15/N16 boundary and
occurs later than the LO ol P. sialeensis which defines the
N14/N15 boundary and therefore the two events are far
each other. At middle latitudes (Miller et aI. (1985,1991,
ODP Site 608) these events occur very close to each
other. Partial overlaps in the range of the two taxa are
recorded by Cita et aL. 1,965,Mazza 1985; Coccioni et al.
1992; Foresi 1993; Foresi et al. 1,998 in the Mediter-
ranean and by Huddleston (1984) in the North Atlantic.
According toZachariasse (1992) l{. acostaensis migrated
to the tropic aI area from high latitude. This migration to
the low latitude (Ceara Rise, ODP Leg 154) was dated
through astronomical tuning by Chaisson & Pearson
(1997) 
^t 
9.82 Ma and by Turco et a1. (in press) at 9.89
Ma. In the Mediterranean area, Foresi et al. (1998) esti-
mated for the FO of N. acostaensls and LO oÎ P siaken-
sls respecrively an age of 11.5 Ma and 10.5 Ma while
Hilgen et al. (2000), using astronomical tuning, dated
the entry of the neogloboquadrinids at 1 1 .78 Ma and the
exit of P mayeri (: P sialeensis of this paper) ar 11.21,
Ma. Therefore, the overlap between the two taxa lasts
about 600 kys, At low latitude, the entry of l"[. acostaen-
sls postdates the exit oÍ P sialeensis of 5+0 kys (Turco et
al. in press). The arrival of N, acostaensis ís delayed of
almost 2 milions years in low latitudes compared with
the Mediterranean.
The S/T boundary in the Tortonian stratotype
based on calcareous nannofossils is conflicting com-
pared with those of the planktonic foraminifera. In fact,
the boundary occurs within zone NN9 rnMazzei (1977)
or NNS in Rio et aL (1997), whereas according to Fore-
si et al. (1998), Hilgen et al. (2000) and our data, the N.
acostaensis FO falls within NN7, indicating that the base
of the Tortonian stratotype postdates the N. acostaensis
FO. Foresi et a1. (1998) and Hilgen et al. (2000) indicate
that Lhe base of the Tortonian stratotype approximates
the FRO of N. acostaensis.Therefore, the GSSP of the
Tortonian shouid be placed within the FO and FRO of
N. acostaensis. The LCO of G. subquadratws at 11.54Ma
could be a potential candidate for the GSSP of the Tor-
tonian for its synchroneity between Mediterranean and
low latitude oceans as reported in Turco et al. (in press).
Conclusions
The highly detailed micropaleontological study of
the composite Middle Miocene section of the Tremiti
Islands, allowed us to dispiay the quantitative distribu-
tion pattern of the most significant calcareous plankton
taxa of the Late Serravallian. The section has been astro-
nomically calibrated by Lirer et al. (2002) and it spans
the interval between 12.6I-1,1.12Ma All the recognised
bioevents have been astrochronologically dated. The
stratigraphic positions and the astronomical ages are
shown in Tab. 3. Several bioevents and their position are
in good agreement with those recently recorded by
Hilgen et al. (2000), rendering them strongly reliable for
biostratigraphic use.
From a chronostratigraphic point of view the S.
Nicola composite secrion belongs ro rhe Serravallian
time interval. Only the upper part could be assigned to
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